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Cells are able to sense and respond to a variety of inter- and intra-cellular signals.  Often 

the cell’s response returns to the pre-stimulus level even when the stimulus persists, a 

phenomenon called perfect adaptation.  Perfect adaptation is widely utilized in biological 

systems to increase the dynamical range of sensing, to detect gradients, or to maintain a 

homeostasis.  Here we investigate the design principles underlying the perfect adaptation 

for given sets of biochemical interactions (enzymatic or transcriptional).  By enumerating 

all possible 3-node networks, we ask which of the network topologies are robust to perform 

the function of the perfect adaptation—that is the network can respond to changes in the 

input and can adapt to a persistent input with a range of the network parameters.  We 

found that the robust topologies can be classified into a few classes, the structures of which 

depend on the biochemical interactions used.  Remarkably, the chemotaxis network in E. 

coli—a prototypical example of the perfect adaptation—can be mapped to the simplest 
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robust topology of enzymatic regulation.  Analysis of the distribution of the functional 

parameters reveals mechanisms for perfect adaptation, origins of robustness, and potential 

trade-off in functional performance between achieving high sensitivity and minimizing the 

adaptation error.  Our results suggest that there is a function-topology relationship which 

can be exploited in understanding natural systems as well as in synthesizing artificial.  The 

approach may also provide a framework for categorizing other functional modules.  

 


